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ABSTRACT 

Spectroscopic observations have been made 

emission knots i n  NGC 925. The recession velo 

/ J 9 3 y . s  
of  the  nucleus and nine outer 

i t y  o f  the galaxy is +710 km/se 

Across the central  bar  there is  no variation i n  line-of-sight velocity.  The 

outer knots have ve loc i t ies  within 250 km/sec of  the  cent ra l  velue. 

possible explanations f o r  the absence of any appreciable gradients i n  the  

Several 

veloci ty  f i e l d  are described and the ten ta t ive  conclusion is  drawn t h a t  t h i s  

is  a galaxy with very small in t r ins ic  angular momentum. - 
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f ied 

. 
* 

NGC 925 is a s p i r a l  galaxy of low surface brightness; it has been c lass i -  

Sc/SBc by Sandage (1961),Aand Sc by Holmberg (1958). 
Sd by sh.+pl- <1943~~ 

A d i rec t  p la te  

taken a t  the  prime focus of t he  82-inch telescope is reproduced i n  Figure 1. 

Since one of t he  aims of our program of investigation of t he  dynamics and 

ro ta t ion  of s p i r a l  galaxies has been t o  cover as wide a range of types as 

possible, t h i s  galaxy w a s  placed on the  observing l ist  because of its c lass i -  

f i ca t ion  intermediate between SBc and Sc. A s  can be seen f’roni t he  plate ,  the  

galaxy is different  i n  appearance from other barred sp i r a l s  which w e  have 

investigated (Papers I - V I  i n  t h i s  series) because of i ts  large extent, lack 

of cent ra l  condensation, and diffuseness. 

Seven spectra have been obtained with the  B spectrograph attached a t  

the p r b e  t o c i s  c?P the 82-inch telescope a t  McDonald Observatory, and a record 

of t he  observations is given i n  Table 1. 

centered on the  nucleus. 

regions and the  remaining five spectra were obtained by placing t h e  s l i t  i n  

various or ientat ions t o  pass through some of these. 

NGC 925 showing the  orientation of the  s l i t  across the  nucleus and the  posit ions 

of the nine knots fo r  which veloci t ies  were obtained. 

Only spectra B 805 and B 1187 were 

The arms of t he  galaxy contain many br ight  emission 

Figure 2 is a sketch of 

The spectra were measured w i t h  a new Mann two-coordinate measuring machine 

a t  UCSD which has automatic read out on an I B M  typewriter whicE, a t  the  same 

time, is connected t o  an IBM keypunch which punches data cards automatically. 

The reductions were then carr ied out, as previously, on the  CDC 1604 computer 

a t  UCSD. Velocit ies measured i n  th i s  way as a function of distance along t h e  

s l i t  are given in Table 2 .  

fo r  t h e  basic  so la r  motion (Vyssotsky and Janssen 1951); no correction for 

galac t ic  ro ta t ion  has been included. A s  can be seen from the  tables ,  both 

Hrr and [ N  111  ~ 6 5 8 3  could be measured i n  the  bar but only Ha could be measured 

i n  the  emission knots. 

A l l  veloci t ies  are reduced t o  the  sun and corrected 

- 3 -  



. . . - 
The or ientzt ion of NGC 925 is not cer ta in .  The ax i s  of the  br ight  short  

bar l ies  in  a posit ion angle of about 1 1 3 O .  If t h i s  bar is not r e a l  but 

appears as a bar because of projection e f fec ts ,  then the l i n e  of nodes of the 

galaxy should be i n  posit ion angle 113". In  Figure 3 w e  show a p lo t  of t he  

ve loc i t i e s  as a function of distance from the center f o r  spectrum B 805 i n  

P.A. 113". The curve is extremely f la t  over most of t he  galaxy; only the  

d i s t an t  south-east emission knots have recession ve loc i t i e s  which d i f f e r  

s ign i f icant ly  from the cent ra l  velocity.  From the  run of ve loc i t i e s  across 

the bar a mean recession veloci ty  of +580 km/sec has been adopted. 

ve loc i ty  can a l so  be obtained from spectrum B 1187 through the nucleus in P.A.  93".  

A cent ra l  

However, ve loc i t ies  from t h i s  spectrum a r e  a l l  systematically high by about 

60 km/sec with respect t o  the measured ve loc i t ies  in P.A. L I T .  The e f f ec t  is 

unexplained and, because of the  good agreement between the other spectra,  w e  

assume tha t  there  is a systematic e r ror  amounting t o  about 0.004 mm i n  t h i s  

spectrum. Although w e  l i s t  these measures i n  Table 2, w e  have not made use of 

them in  deriving the  mean velocity given above. 

O u r  mean ve loc i ty  of +580 km/sec is t o  be compared with the  value of 

+587 e 8  km/sec ( M a y a l l )  and +420 f200 km/sec (Humason) given by Humason, 

Mayall and Sandage (1956). 

putt ing v = 250 km/sec i n  the  direction A 

If we correct OUT value for  ga lac t ic  ro ta t ion ,  

I1 
= go", the  t r u e  recession ve loc i ty  

becomes +710 km/sec. This value i s  so small t h a t  a distance determination 

based on it would be qui te  unreliable.  

a distance of 6.8 x 10 

However, Sandage (1961) has obtained 

6 
pc f o r  the group of galaxies of which NGC 925 is a 

member (others a r e  NGC 1023, 891, 1058, 1003 and I C  239). This distance w a s  

obtained by measuring the  apparent s izes  of H I1 regions i n  some of these 

galaxies.  A t  t h i s  distance 1" 2 34 pc, so t h a t  the  short  bar i n  NGC 925 has 

a length of about 1400 pc and bright H I1 regions are v i s i b l e  i n  the arms a t  

distances of  10 Kpc from the center. 
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For each of the emission knots a mean veloci ty  with respect t o  the center 

has been obtained, and these values are l i s t e d  i n  Table 3. For knot E t he  

value is  uncertain because Ha i s  weak. It can be seen t h a t  for  a l l  of  the  

other knots the ve loc i t ies  a re  within about 50 km/sec of t he  cent ra l  veloci ty .  

When the  mean recession velocity is  subtracted from each of the measures 

i n  P.A.  1130 it is seen t h a t  there is no l ine-of-sight motion i n  the  bar of 

NGC 925 with respect t o  the  center. Hence any motions i n  the  bar m u s t  be a t  

r i g h t  angles t o  the  l i n e  of sight,  i .e . ,  i n  t he  plane of the  sky. For the  

outer regions of t h e  galaxy, both i n  posit ion angle 113" and i n  the  emission 

knots, there  is  an indication of systematic ve loc i t ies  of approach on the 

southeast s ide  of the galaxy, and of ve loc i t ies  of recession on the northwest 

side. These s m a l l  veloci tes  a r e  probably the projections "u? ths lice n f  s lgh t  

of r o t a t i o n a l v e l o c i t i e s  i n  the  plane of the galaxy, but it is not possible t o  

deduce a meaningful ro ta t ion  curve or  a mass estimate for  the galaxy. 

W e  may sum up t h i s  investigation as follows. Our measures of t he  ve loc i ty  

f i e l d  i n  the  l i n e  of s igh t  show t h a t  the  differences a r e  so  small that very 

l i t t l e  can be deduced about the  dynamics of t he  galaxy. 

be contributing t o  t h i s  state of affairs: 

(1) 

(2 )  

Several fac tors  may 

It is possible that t h i s  galaxy has very l i t t l e  angular momentum. 

The galaxy may have i t s  pr incipal  plane of ro ta t ion  very nearly a t  90" 

t o  the  l i n e  of sight.  

The or ientat ion of the  galaxy i n  space is uncertain and we may be 

observing several  veloci ty  components due t o  c i rcu la t ion  i n  the bar, 

ro ta t ion  of the  system as a whole, and perhaps r a d i a l  motions, which may 

be cancelling each other.  

We have now made measurements of the veloci ty  f i e l d s  i n  some t h i r t y  s p i r a l  

(3) 

and barred s p i r a l  galaxies and t h i s  i s  the  f i rs t  example which has shown such 
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small veloci ty  differences.  

far, NGC 7479, 3504, 1097, 1365, 5383, 613, very considerable ve loc i ty  gradients 

have been present. NGC 925 is  different  in appearance from a l l  of these because 

In a l l  of t he  barred sp i r a l s  w e  have studied so 

o t  its large extent, lack of central  concentration, and diffuseness. 

i ts apparent axial r a t i o  is about 2 : l  so it is hard t o  believe that it is 

or ientated with i ts  pr incipal  plane of ro ta t ion  very nearly a t  goo t o  the l i n e  

However, 

of s Q h t .  

which has i n t r i n s i c a l l y  very l i t t l e  ro ta t ion .  However, our previous s tudies  

Consequently, w e  tend t o  believe that t h i s  is a type of galaxy 

of barred s p i r a l s  have l e d  us t o  the  conclusion that many types of motion are 

possibly present (cf . Burbidge, Burbidge, Rubin, and Prendergast 1964) s o  t h a t  

W e  wish t o  thank Dr. Joan Crampin f o r  carrying out some of the  analysis  

of t he  spectra.  This work has been supported i n  part by a grant from the 

National Science Foundation and in  part by NASA through Contract NsG-357. 

We are a l so  indebted t o  Dr. H .  J. Smith, Director of McDonald Observatory, fo r  

giving us observing f a c i l i t i e s  a t  t h e  McDonald Observatory i n  January, 1964. 
- 
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TABLE 1 

OBSERVATIONS OF NGC 925 

Spectrum No. Date Posit ion Angle Exposure 

(minutes ) 

B 805 

832 

8 36 

864 

865 
11% A&”- 

1187 

N m .  3, 

Nov . 18, 
Nov. 20, 

NOV. 25, 

NOV. 25, 

Jan. 8, 

Jan. 10, 

1961 

1961 

1961 

1961 

1961 

1964 

1964 

1130 through nucleus 

570 through knots H, J 

8891 through knots E, F 

31” through 

65’ through 

122O through 

93” through 

knot A 

knot G 

knots B, C, 

nucleus 

180 

181 

I20 

154 

148 

D 180 

120 
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Mstance 

Fraa center 
(Sec. of ~ r c )  

Distance 

Along Spectrum 
(Sec. of k c )  

Mstance 

From Center 
(sec. of Arc) 

P A .  1130 3 805 (cont . ) P.A. lly P.A. 65” B 865 

Hu: Knot G 
S.W. 0 

2 -9 
5 .a 
8.7 
u .6 
14.5 
17.4 

B.E. 20.3 

B l l 8 6  

Ha: Knot B 
N.W. 0 

2 -7 
Knot c 

3 - 5  
34.4 
37.3 
40.2 

64.1 
67 .o 
69.9 
72.8 

Knot D 

Ha 
B.W. -52.6 

-49.7 

-43.9 
-41 -0 
-38.1 

-34.5 
-30.8 
-27.2 
-23.6 
-20.0 

-17.1 
-14.2 
-1l.3 

-46.8 

n I. - 0.- 

- 5-5 
- 2.6 
+ 0.3 
+ 3.2 
+ 6.1 
+ 9.0 
+Y .9 
+14.8 
+17-7 
+20.6 
+23*5 
+LO. 5 
+43.4 
+46.3 
+49.2 
+52 .i 
+74.6 
+77.5 
+&.4 
91.8 

+103.4 
+106.3 

S.E. +lC9.2 

h nl 6583: 

-47.5 
-44.6 
- 7.5 
- 4.6 
- 1.7 
+ 1.2 

N.W. -50.4 

+4.1 
+6.9 
+9 -8 
+l2.7 
+15.6 
+l8.5 

+570 
546 
568 
597 
596 
564 

+594 
588 
605 
591 
584 
586 
572 
611 
619 
604 
589 
597 
597 
604 

573 
565 
579 
563 
585 
ss4 
606 

582 
596 
610 
623 
536 
526 
569 
567 
587 
534 
569 
558 
499 
500 
519 
523 

578 
595 
604 
610 
580 
556 
59b 

C R l  /”- 

+572 
573 
573 
519 
527 
519 
495 
502 

s .E+22.4 563 
Mstance Velocity 

dong Spectrum (km/sec) 

(Sec. of h c )  
P.A. l.22‘ 

P.A.  57“ B 8% 

Ea: Knot E 
S.W. 0 

2.9 
5.8 
8.7 
u .6 

Knot J 
43.6 
46.5 
49.4 
52.3 
55.2 
58.1 

B.E. 61.0 

B 836 

Hu: Knot E 
S . W .  0 

2 -9 
. 5.7 

8.6 
12.3 

Knot P 
30.2 
33 .L 

36.0 
38.9 

B.g. 41.8 

B 864 

Ha: Knot A 

S.W. 0 

2 -9 
5 .a 

B.B.;. 8.7 

597 
588 

641 
646 
613 
625 

590 
631 
612 
594 
582 

587 
542 
558 
506 
521 

609 
578 
569 
583 
619 
633 
616 

S.E. 75.7 

From Center 
(sec. of A r c )  P.A. 880.1. 

P.A. 9 7  689: 
654: 

-734: 
684: 
757: 

586 
588 
637 
647 
680 

P A .  31° 

&: 
.R .WV ‘-4.b. 4 

- 7.5 
- 4.6 
- 1.7 
+ 1 . 2  

+ 4.1 
+ 6.9 
i 9.8 
+12.7 
+15.6 
+18.5 
+21.4 

S.E. +24.3 
617 
615 
619 
6 9  

_. . - 
* a~ spectra except two through the n u c m  (B 805 and B D7), the zero of distance 

l e  +h aa the point where Ea was first measurable (in general, this point corresponds 
to an edge of a region that appears fairly bright - Pig.  1). 
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TABLE 3 

MEAN VEIx)CITY (WITH RESPECT TO €JUCLEXJS) OF EMISSION KNOTS 

Emission Knot Velocity Ehission Knot Velo c ity 

( d s e c )  

+ 41 

+ I 2  

+ 51 

+ 22 

+124 : 

F 

G 

H 

J 

+48 

-45 

- 37 

+21 



FIGURF: CAPTIONS 

Fig.  1 - NGC 925, photographed a t  prime focus of 82-inch telescope on baked 

Eastman Kodak IIa-0 p la te  twough a Schott GG 13 f i l t e r .  North is 

a t  left, eas t  a t  top. Scale: 1 mm = O'!O. 

Fdg. 2 - Sketch of NGC 925, showing slit or ientat ions across nucleus. Short 

bars indicate the limits within which ve loc i t ies  were measured. 

Letters A through J mark outer emission regions for  which ve loc i t i e s  

have been obtained. 

Measured ve loc i t ies ,  uncorrected fo r  ro ta t ion  of OUT Galaxy, plo t ted  

against  distance from center f r o m  spectrum B 805 (P.A.  113' ) . 
Fig. 3 - 

- i o  - 
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